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ABSTRACT 

PROBLEM TO BE SOLVED: To realize a high performance TFT by providing an 
active layer containing a metal element for accelerating the 
crystallization at specified concentration so that the standard deviation 
of the S-value showing electric characteristics is within specified value 
in each of an n- and p-channel types. 

SOLUTION: After forming an active layer 106, a gate insulation film 107 is 
formed on this layer 106 and heat-treated (secondly) in a 
halogen-containing atmosphere. In this step, a segregated metal element 
e.g. Ni at the grain boundary of an acicular or columnar crystal is 
gettered by the action of the halogen to reduce Ni in the active layer 106 
to 1X10(sup 16)-5X10(sup 17)atoms/cm(sup 3). The active layer 106 has a 
directivity at the grain boundary and crystal structure of aggregated 
acicular or columnar crystals approximately parallel to a substrate. The 
standard deviation of the S-value showing electric characteristics can 
remain within 15mV/dec in an n-type and within 30mV/dec in a p-channel 
type. 
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304.09 


-0.14 


-0.03 


Point 1 1 


107.63 


337.04 


1.05 


3.65 


B.01 


7.94 


-056 


81.70 


176.37 


322,64 


0.08 


0.10 


Point 12 


130 j49 


38837 


0.40 


1.61 


8.51 


838 


-0.51 


82.50 


216.52 


396.51 


-0.11 


-0.48 


Point 13 


11053 


332.17 


1.07 


1.14 


8.01 


8.46 


-0/41 


76.90 


193.35 


328.89 


030 


-0.51 


Point 14 


123-34 


35937 


1.30 


1.27 


7.98 


8.45 


4)33 


63.90 


236.0B 


36435 


054 


-0.58 


PCfTTMS 


104.55 


312.67 


0.30 


1.22 


8.54 


8.41 


■052 


93.40 


185.05 


3iais 


-0.29 


-031 


Point 16 


97.1S 


30338 


0.77 


1.31 


8.10 


8.36 


-05* 


89.70 


167.40 


283.96 


0.12 


038 


Point 17 




299. GS 


0.42 


2.08 


8.37 


8.16 


-038 


72.00 


180.44 


268.92 


030 


-0.10 


Poinl 18 


102 3D 


324.42 


0.73 


0.28 


8.15 


9.05 


-054 


93.50 


17937 


298.65 


033 


-0.09 


Point 10 


96.03 


30736 


0.63 


2.74 


8.18 


8.05 


-OJSS 


88.30 


163.20 


28332 


031 


-038 


Point 20 


115.54 


348.82 


1.10 


1.54 


8.02 


8.36 


-0.40 


77.60 


203.17 


355.26 


036 


-0.1 B 




10539 


32730 


0.72 


2.13 


8.21 


8.27 


-0/49 


83.16 


183.76 


315.03 


0.14 


-030 




934 


22.66 


0.31 


1.52 


0.21 


0.29 


0.09 


7.43 


20.97 


30.08 


032 


037 



[0084] 



[52] 
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PftmHTFTmmi&m (SingleGate) 











loffJgpA] 










*FEtan2fVsl 


ISjwtpAJ 




"ft* 


fyom t v) 


(VD* 9 V) 


(VD« 1 V) 


{VO« 5 V) 






(VD» 3V) 




[VDa t V) 


(VD. IV} 


(VD- 1 Y( 


(VOfe 1 VJ 




(VC-GV) 


{VG_ J V) 




(Vti— 1 V) 








(VOa 1 V) 








{VO» ( V) 


Point 1 


38.1 0 


76.69 


1.35 


35.05 


7.43 


6.34 


-1 .62 


94.30 


155.19 


156.19 


-0.1 P 


u.n 


Point 2 


37,85 


75 50 


1.05 


20.4G 


7.56 


6.57 




12&.10 


161.10 


16537 


-U.laf 


-U.ID 


Point 3 


35.49 


73J92 


1.59 


29.22 


7.35 


6.40 


-1.B0 


77.69 


150.99 


155.24 






Point & 




09 14 


1 .DO 


AS. 13 


l .JO 


ft m 




I CO .VI 


150.61 


161.20 


0.13 




Point 5 


41 .32 


£9.49 


0.51 


14.83 


7.91 


6.76 


-1.35 


10632 


153.62 


164.66 


-030 


-0.07 


Points 


39.65 


75.05 


0.82 


25-05 


7.65 


6.46 


-1.55 


63,48 


146.27 


1 56.24 


-028 


-020 


Dnint? 


Jo. rb 


oft rm 


n qc 


Cl.CD 


1 EC 


o.oc 








t n-t 
1 vO.UI 


-032 


-024 


Points 


33.07 


83.43 


0.66 


20.06 


7.77 


6.62 


-1.38 


96.47 


144.66 


156.58 


-027 


0.0B 


Point g 


40.51 


89.73 


0.17 


20.48 


a.38 


6.64 


-136 


98.42 


144.56 


162.16 


-028 


-021 


Point 10 


37.70 


77.90 


1.43 


21.16 


7.42 


6.57 


-1,46 


101 .49 


150.76 


156.57 


023 


-0.1 B 


Paint 1 1 


41.84 


94.44 


0.43 


20.58 


7.99 


6.66 


-1.10 


70.93 


135.11 


159.53 


027 


•0.06 


Point 12 


40.99 


84.95 


1.46 


16.60 


7.45 


6.71 


-148 


94.08 


160.63 


169-98 


-022 


-034 


Point 13 


37.75 


78.87 


0.41 


11.83 


7.96 


6.82 


-1.49 


95.57 


153.43 


156.67 


0.1 T 


-0.14 


Point 14 


3B.60 


79.13 


1.53 


19.09 


7.40 


6.62 


-1.51 


82.63 


162.44 


163-30 


0.17 


-039 


Point 15 


41.06 


85.88 


0.41 


16.86 


8.00 


6.71 


-1-47 


68.00 


164.59 


169.96 


-0:14 


0.17 


Point 16 


3733 


77.99 


1.37 


44.30 


7.44 


6.25 


-148 


6632 


152.76 


155.14 


0.10 


-028 


Point 17 


33.81 


00.83 


1.32 


17.75 


7.47 


6.66 


-1-44 


114.06 


160.39 


160.53 


-036 


026 


Point 18 


39 £7 


84.08 


1.54 


27.16 


7.41 


6.49 


-1.51 


73.32 


152.38 


169.45 


0j09 


-0.12 


Point 19 


43X14 


91.36 


1.05 


20.92 


7.61 


6.64 


-1.40 


95.09 


163.97 


T 74.55 


-026 


020 


Point 20 


39.55 


80-62 


0.67 


17.13 


7.77 


6-67 


-153 


66.12 


166.97 


T 68.59 


-0^1 


0.04 




3920 


B2.63 


1.02 


22.16 


7.65 


6.59 


-1.45 


93.66 


154.25 


162.32 


-0.09 


•0.10 




ZJ07 


6.14 


0.49 


7.37 


0.28 


0.14 


0.12 


17.11 


8.00 


5.68 


021 


0.19 



[0085] mi. a2ti5^T^vCl±@-r^^(i. 
-iryxisvi/atwmi. S-value) #60— 100m 

V/dec nmz1V&&m4^< . %mi£ (uW. tb'-Jf 
^ ) #150 -400cn.2/Vs tt^S3»t^t^ 

[0 0 86] .I^^^^x-^li^OTFTTii^ 

&±.Mm l^mosfet izmL-?&m&bxm&&%: 

[0087] ^JtR^C *mttZ£&TFTimmz 

^xmrnzux^z. mkmzte-mmhfti- &tfti± 
^zzttfpmix^&. 

[0 088] ttl. mi. a2C*i##^LT^%M*3 

8.3%. ±2 c<Dftlz95A%^ ± 3 a (7)^99 
[0089] *»^#^>tt, *WfeWOTFT#tt<0# 

m%k. SfflW^ffil±87.1mV/dec(n-ch>, 105.6mV/dec 
(p-ch) ?h*). mmmm±9A(n-ch) . 25.3(p-ch)T' 
£tl, ^®JKOT^fil4277.8ctf/Vs(n-ch) , 
151. lctf/Vs (p-ch) T^O. TO(fHti43.6(n-ch), 1 
2.7( P -ch)T-feo7t:. 

[0 0 90]EP^, *3ra&WMt>feNf-fr*;VfflTF 



(1) S^^cr^l5mV/decUf*l. Iff & t < (ilOmV/dec 

(2) SM#90±45mV/dec^. #4 L<«90±30mV/d 

(3) juFEcO^|ffa&«50cBVVsJJirt, Iffi t < (i45cm2/Vs 

[0091 ] 4^c, *^&*a^b/SP^-V*/HHTF 
TttZti^Xte, &TI,Z*-?m%:T FTmt* ft&Zttf 

(1) Sfl[(7)ofi3&«30oV/decJ3lrt, #f 4 t< *i25m V/dec 

(2) Sfi|# 100±90mV/decJilrt. jff4t<« 100±75 

(3) jLiFEc73^^20cn.VVsm, Jffi t < iil5cm2/Vs 

[0092] JSLbOttfc:, i I.TF TIi@^>T 

±C«tfcMOS F ET^ffiiSftt^tt^a 
»*SRAMBfl»^DRAM|5IHMiE. M&i^^t 

[00933 *^ ^WfiWCtt^^^y^ 
TFT(^fmxe«^*i5ttLT^&3&«. 
hffiiSWTFT^^JSUicoy-f MM*^T'r-&v;l^ 
y>f h«S^TFTt»LT^iaffl-r-&ifc*«T* 5. 

[ 0 0 9 4 ] *^{ivStt^^ B a M4^^S«I 
t-C^*C^Si>cOT'^o-C. WSSftttsiiWISOTFT 

[0095] C*«WTf§^4ttJi«BS*tllW-45» 

*¥tmz£^xnt>ti&m&immm<m 1 4 ^ 
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[00963^15 {z^-tm^mmmz . n&Bmsm 

[0097] llii^C LTJ$£LfcteflttS*KI4. 

01 5^-^tcf@^c7)fe B B ^^^ < % >F^fftc^ 

[00 983 HI 5tZ*>WC. 50 lMPF&B'I 

sx^-ni^^ i>T<?!>8B&£a*L-c La 9 . 

[0099)^,114 1=35^*8 JHMWi. H 
SfcoTEWLfeWSS^^oTV^. iot, 

[ 0 1 0 0 3 *^M^>«i^(±aW^ 

ffiWttSR* 1 - 5 ^^^//^regm Lfcfea. #t 
a*rti*«iE» Lst flBKif Mt-nw&x-tfmj&ztLT ^& 

[0101] L^L**^:*^*^*, 

«tSft«rt»ft:* L 3 £ zconzuz^^^-mzT^ 

tt^55^e#<0*n*t)<OT«sflrV%*»i:«fflLTU5. fiP 
^. ttftfrfilliJ***:^ iE^1^<il«Wfc:*S^Lfc 

afcfr&fcv* (mmmzfmtnftzti*^) n&x*fo 

ht^tX\ih. 

[0 1 023 £J±comz^ -ffi«rSrrn-fe>^ctefifl:L 
fc^iHte^JKiiia 1 5fcr^-r»^ISift«3t^WL. * 

[0 103] L*>L3r#4>. *^£J:&*ghfi1£g»t 

z\ttf*$mt%h<»x\ wt>T%\*®m&&m&r*>c 

ttfX'th. 

[0104] #*Jifc: «fc 



[0105] ^0JJ#£<a*ffl#jEL WU* . 
d-&©»SrmL=S:V^-CjfiSL"CVK. fW^rtSJI^ 

[0 106] CIWW2D«»ffW4iaftfflll-C^Lfe 
TFT-Ct>oTCMOS0B^*rSffl|'CA&. CM 

o s 1 Lfc«*rffl9S*>N?-* */mr 

[0107] *nsfewt:i3ft s cmos minimum 
cn-mmzmi. ms^m^xmm-tt. 

mo s eib i^fiW-s ^rffi*i*HWfW3iiBo tz t> <om& 

[0108] irWfifll 1 fcaWIWJlfcftoT. 5 
7 0 1 itegHbSMS 7 0 2£l£J!L. **Xhfc: 
t£JM$£»in <05HH*> *LT-Ht«V^- 
— 0 N^*/UMTFTC0*§f£Jl7 0 
3i:Pf^ ^/HT F Tco^&m 7 0 At ZMfctZ • 

[0 1 09] iStt«703. 704«l)t^'O 
&ii#M7 0 5£j£ML. $^>tz^n^r>7ES^Cf#ffl 

SMfflll fcRL^cOh^. <! 3 L*C. *Sf$Jl703. 

704 \i&?mni^mmh%*) . fm%imtzm 
[01103 mz, mz-yj hnmcommzmffctZT 

T;l^-^JU^V^->'7 06. 7 07^MtS 

(^?-yjB&mi>^?-->7'i / z&m L^i^-xh^ 
^^i»Ltfe<) . 

[0111] r^L-CBI7 (A) ottSSb^Wfeii*. T 
0 7 0 7c0ifflffifc#TLao»ffiR'ffc]R7 

0 8. 709 tmrsfrh . 3*«ffiWTiii<o#?L«o» 

ffl*ffc&7 0 8. 7 0 9<^Mi?^0.5 jumtn. 
[01123$^:. ^Jt^l 1 1 mmco3kfrX'i> r>xm 
«"C3feH*»fl6BMtR7 10.71 =^ 

2. 7 13«t§. C13LT07 (B) <Z>«fc#ffi 
[0113317 (B) cWflS3&ff»^iifc4>. 

fiaa 7 o 5 *h 7 >f x .jr ^ yymiz x 0x7 ^->-^-r 

C^x-yfy/Igrti^ h^®7 12. 7 13 
*iJ:tf«L«ttcO»ffilMkffi7 0 8, 7 0 9#vx?fc 

OroT. ^^mr^izy-i h&mwm?-r&. 

^y^tC^?L^^^^^7 0 8. 709 $rl^ 



(11) 



ttHPFlO-1 3 5468 



-thtmi (C) cr>*mt%%>. 
[0 1 14] P^^^/^TFT^^^|5g^C 
LTl/y'Xh7^^7 14S:ML, NS*ft#-fS^ 

mmttxp (v» 4*y*Y-vy<7~th 9 £<*>k 

-t>^ii. M^KOKeV . K-Xfi 0.1- 5X10^ 
atoms/cm 2 . £f£ L<te 0.5— 2 X10 1 3 atoms/cm 2 atom 
s/cm 2 -C^f^TOo 

[0115] z<oF-v>fjLmiiitmmmmEE-b*& 

^7 0 3^htT*>?i£iT.&* 7 15, 7 1 

6T'^£ft&^®t;:p^*y^m!in$;fiS,, (07 

(C) ) 

[0116] mz. 07(d) t/ZTjk'tx -5 iznz/p 4 * 

KeV tfifttffi^b. K-XS£0-1 — lXl0 1& atcras/ 
cm 2 . L<fi 2— 5 xlO 14 atoms/cm 2 ,TS0 

7.7 1 8^j££fl&. 

[ 0 1 1 7 ] 07 ( D ) IC^ISjWRT L^jft-CN 

/HTFTOV^X^7 1 7. HW y«S7 1 8. 
imj&Fmffl& (ifcttLDD'fW) 7 19. 7 2 

o . *>wbj£««7 2 1 *«5£-f & . 

[0ll8]^t:, 18(A) fcjjrTJ: -3 fc£ffl<DNf- 
&• *LT. 08 (A) fc^-r4»fcfci>TPS£#5- 

[0119] ifeEcoB4*><DY-^y7\±wm& 

30KeV . K-Xfl£ 0.1— 5 X 10 1 4 atoms/cm 2 . L 
<ii 0.5- 2xi0 14 atons/cm 2 WKk^tZ* Zc^xmz 
±07 23. 7 24T*Sil*«J*fc:B-f^V3&«aSjD5- 
ft*. (08 (A) ) 

[0120] 2JKa^B>f^-y<oK-tr>'^iinfiS«E 

5KeV . K— Xft£ 0.1— 1X10 1 5 atoms/cm 2 „ if * L 
<ii 2— 5X101* atoms/cm 2 ZWJLmzX 

m&tih. ms (b> ) 

[01 21 3 \^&JMfcX*)P***ft'WTFT0)V 
-X^i£7 2 5. HW ^fil«7 2 6. {ftMCTtfttlffi 
$ (ifcfctLDDfgtf) 7 2 7. 7 28,f^^;« 

[0122] 08(B) tC33rTie<?)»Ta. U 

^xwx?7 2 2£]£ , ?i&£, mg£mtzu-'r-& 
x vrntoztit^mmj *y<om&{£k . *y 

[0 1 2 3] JBa»W«7 3Ot4000A^J?5K 



X7CVDS, ftCVDfe, xe^a— MfefcJHVtftff 

[0 124 3<?:fc3>'^^h5|5-/K!?)^jS&ffVV Nf- 
■v^/HTFW/-^7 3K Pf^^iTF 
T^V-Xt^7 3 2 5:Mn t KW>« 
7 3 SliN'ft^A'STFTi: Pf ■v^/HTFTt'C 
^W^4«=fir»ritfc-f 5 - T'C MO SBBtf«3gE3*i 
S. (08 (C) ) 

[0 1 25 3 JiLbO^ii^lr^X. 118 ( C ) Ic^cT 

WkT^hcyiosm^msk-i-hztifiv^i. cm 

MO s>f v^N-^IIIBSria5(Ifc:«Wft»tUT^Ufc 
[0 1 26 3 <r<ITH9 (A) C^rt±ffl^Kli. 

mmiz$i-> ximttzc mos m»*«^*>ii:r m 

[0 1 27 3 $r*s. 09 (A) ^t'jy^yl/-; 

m^&umz±xi®.mtztix^&. 

[0 1 28 3 ££l, (39(B) LT^M^ 
^X?[£lft^m£^~t. 09 (B) fci^rf hUiy 
X * HlftttKfl; LfcJSiaJ«ftlsI»ar«JS-r 4 SMrlalB 

EKT**. ftfc* *¥7^Effl (V-XWJB) y7M^ 
^ * HRttWMWfcSfcM H z -^+M H z 

[0 1 29 3 (A) liZw^tU y?7fisls-9 

9. 19. 5 1I(g)OCMOSHIS8^U: , Jy 

r^isu-fx-Kw f8imEb9ffims&<mfc*-$ 

Afc. =Sc*J. 01 Ot^^^OT^r-^T'^^. 
[0 1 30 3 01 0tzJ:|>i:. WitanBSBWEffiS V. 9 

^2^454. 37MHz (nttt£3.3 V) . 539.51MHz 
1 lt^Kf o 

[01313 i^^<oii«fi»<ofwxa-cfWL3ty 

fc*WftLT^S. l-5V^HT'^^JE$r 
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[0 1323 J2Lt£>«(£, ^^$rftJfflt^CMOS0 
[0 1 33 3 3 6fC. f"**;«#0.6 ;um£:®tf>T6& 

[01343 i*mmm&frt>mfrti$>%m') mmm 

&t±«rafc: J: 4 T F T*«firttiiU5 *f 
[0 1 3 5 3 «6flBfc:J:&TFT<0iBffi 

[0 1 363 HfleWfcW:, l&MMfcWC FW Vffitt 
[0 1 37 3 W±*&k#>ht. «&Hjft:J:$tSfittJ£ 

[0138]^T, JJE2o<3«l££*1tfc-$\ ^Wi" 

[01393 £Lh<o«*tt. £^^£3££T-m& 



[0 1403 *»^*^iiSf-v*/PS&*tf!) 
[01413 L£tiffitffiE<offi 

iz&x'&tf&ztT'V-xm<nmmmm<i&TL. y- 
[01423 f:t*M^i±^^B H B aM 

[ 0 1 4 3 3 £ <0«55r«^4»SttJB^ia 1 2 fcjjrrtM: 

(A)te*5ive, 1 2 0 1147— XfiBBL 1 2 02t±K 
W >W&. 1 2 0 3 tit?** */WBJi£1K«T'& 0 . 

*)vmmm 1203 ^*c(iA^CT^*ttfi« 1 2 

^ttttfUSl 2 0 4J20HO«ttl 2 0 514. HITfa 
[0 144 3 Z\Z\X'M12 (A) fc3jr*flM±, HI 4 

t,z^tt$£tycr^&mmmmLfzffimx$> 

V$>&. fiP^>. H14<m4 0 2T^;3it4&fi©#tt 
Ell 2 (A) 204Cffi^L. 

««iWie«ifiuoiiiHi2 (A)^'jr 

[01453 t^o-c. +v*)immm&\ 2 0 3^t3@a 

asnst^aflWTO l 2 0 4iif-r^;Wg^^^ 

[0 14 6 3 HI 2 (A) S:A-A' TWKLft: 
Brffi@£H 12(B) t^-T. 120 6ti^^®^^T 

-ttmsxtbt. ttz. mi 2 (a) stb-b- xmm 
uzmmmzmi 2 <o t^-. 

[ 0 1 4 7 ] <r*5, EB 1 2 ( C ) £451 vt wpi ,n(±TO£ 

[0 1483 ffi^T. *»JJfcJ:*TFT«05Wtf5«# 
pa (wpa f iB&l— m4TJnifc«|«I> ^«At*<T(i 
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[01493 

/zFE= 1/ Cox (Aid/ A Vg ) • 1/ Vd-L/W 

zzxcoxiz-yj bgMLi^s. Aid, Avg^**. 
k w ymm. i d h y-i hmBEv g <o^njL v d 

[oi so] Ltphtf&h. mm^^^\^m^ 

[0151] 4fc H ;ffl$MM&Bll 2 (A) fc^-ffc 
[0152] m)%L ( ju FE) &*mtm < - w Tii^ 

[0153] 

[an 

-1 

/i= (i//ii+i//iO 

[0 1 54] 

lattice zmm-z) comt&£v^it&mwi3L<7>&m 
m^m^mtm-thzb^m^Lx^h. ^ 

[0155] 
[»2] 

-5/2 -3/2 

jui oc (m*) T 

[0156] 

-1/2 -1 3/2 

//i (m*) NiT 

[0157] ztikv&z.* h t , 

[0 1 58] BDfc, 3BIW«rtr«St3ti3^T>f3!'V-ftL 

hzbtfx*%&nmz&x'^mz£%&z-&&zbzm 



[0 159] Ml 2 (A) tefcVvtW!ft*«l 

2 0 4 * ft k wmr 4: * £ ft KiES $ ftT 
^&Ii:tiISrr*5. <Ltf>»*rffiaii, EI 1 4 £75 L 

[0160] znmz&wb TOrautt 1 2 
?)T\ **vr*mtthzb*<. v-fv<mwm 

[0161] ifc. W±«« 3 Sr«lfifc«ikT, S-f- 

m&z\^z\tif^mx*fc&t^om%$izm^<^mx' 

[0 1 623 ^, ffii£<0«tc H yfiKfSW 

0 £IWJ-f & Z b X^y^^-^M^m±^-^> Zb& 

x-m&co^±tmz^-rxu^^3^m^ <sm <d 

[0 1 63 3 ^^I^yxH/PK^^ft-hii, 

1 t ope* &b^d mm^^xrcom^mmx^ & * 

[0 1 64 3 HI 2 (A) TSrrflWti: LfcB*fcs ^ 

hh» tot, «t-^« ! SrS^«lCT*'h$<'C|t&^ 
A, ££Jffflte/h3<T#*fc#*£ft*. lit, 

[0 165] 

S=!M0-kT/q [1+(Cd+Cit)/Cox] 

[0 1 66 3 ft4(Cj3lf^T. ki±^J/77y^. Tii 

q{±m^fs. cd ii^^i^s. citti^® 

JtCitSrOtr'Hrffi'SrlROjfi^ttert'C, Cd =Cit= 
0 2:i:SJMl«ffi. BH^Sffis^eOiV/decade k^:^^ 

[0 1 67 3 sfcfc'U »4fc:^Sii4iBiSfi*^as^ 

t;60mV/decade JSlTOiB!l^ffl*»»^*l4ifc <**4. 

[0168] kd^T. *&wfr^mmztiz>*ffif$x 
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fcfflfi-*-* «r t tzh h frt>T*fo h ♦ 

4> P 4 :t £ Jfl t vt Wii £ ® ewfur & 
[0 1 70 3 4ft. ^wiwattc&PifciiB-f *vc« 
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